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We address quantum state engineering of single- and two-mode states by means of non-deterministic noiseless
linear amplifiers (NLAs) acting on Gaussian states. In particular, we show that NLAs provide an effective
scheme to generate highly non-Gaussian and non-classical states. Additionally, we show that the amplification
of a two-mode squeezed vacuum state (twin-beam) may highly increase entanglement.
I. INTRODUCTION
Non-classical and non-Gaussian states of continuous vari-
able systems have been a relevant resource in the development
of quantum information science and technology, as well as in
several fundamental tests of quantum mechanics itself [1–3].
Quantum state engineering of those states, however, is often
hampered by two major challenges. On the one hand, gener-
ation of nonclassical light usually involves nonlinear optical
media, and the small value of nonlinear susceptibilities leads
to low efficiency. On the other hand, light amplification is
usually involved as well, and the linear and unitary character
of quantum dynamics makes this task rather difficult, since it
imposes that noise should be unavoidably added when a sig-
nal is amplified, in order to maintain the uncertainty relation
[4].
Recently, in order to circumvent these difficulties, novel
amplifying devices have been suggested, which act non-
deterministically, i.e. the output state is obtained condi-
tionally by post-selecting on a particular measurement out-
come [5–11]. In particular, optimal schemes describing non-
deterministic linear amplifiers (NLAs) achieving successful
amplification with the largest probability allowed by quantum
mechanics have been put forward [12, 13]. This kind of de-
vices are appealing for quantum state engineering, especially
in the continuous-variable regime, where several schemes
based on conditional states of continuous variables measure-
ments have been already explored and proved effective [14–
21].
In this paper, we address quantum state engineering of
single- and two-mode states by means of non-deterministic
noiseless linear amplifiers acting on Gaussian states. In par-
ticular, we prove that NLAs provide an effective scheme to
generate highly non-Gaussian and non-classical states. We
provide a general framework to address state engineering by
NLA, and present explicit results for the non-Gaussianity
and non-classicality obtained with single-mode coherent and
squeezed vacuum states, as well as with two-mode squeezed
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vacuum (twin-beam state). In order to assess quantitatively
the performances of NLAs on those signals, we quantify non-
classicality using negativity of the Wigner function (from now
on W-nonclassicality) [22] and non-Gaussianity by the rela-
tive entropy to a reference Gaussian state [23, 24]. We remark
that these and other closely related quantifiers have recently
been studied also in the context of quantum resource theo-
ries [25–28].
Concerning the action of the NLA on two-mode states, we
consider two working regimes. In the first one, we analyse the
performances of a strong (destructive) NLA measurement on
twin-beam and analyse the properties of the resulting single-
mode conditional states [17]. Our results show that depending
on the squeezing parameter and the gain of the device, the re-
sulting conditional state has a Wigner function that includes
negative parts. This suggests that such a scheme represents a
robust source for non-classicality. The second regime that we
are going to explore is that of non-destructive NLA measure-
ment on twin-beam. Here, we address the degree of entan-
glement of the amplified state as a function of the NLA gain
parameter, and prove that it may be significantly enhanced.
The paper is organized as follows. In Sec II, we establish
notation and review the non-Gaussianity and non-classicality
measures used across this work, that is, the entropic non-
Gaussianity and the W-nonclassicality. We also recall the
main ingredients needed to describe non-deterministic linear
amplifiers. In sec III, we discuss quantum state engineering by
NLA on coherent and squeezed vacuum states, focussing our
attention on non-Gaussianity and non-classicality of the con-
ditionally amplified states. Sec IV is devoted to conditional
states generation by exploiting the action of NLAs on twin-
beam, in both the destructive and non-destructive regimes.
Section V closes the paper with concluding remarks.
II. PRELIMINARIES
In this Section, we briefly introduce the tools we will
use throughout the paper to quantify non-classicality (nC)
and non-Gaussianity (nG) of a single-mode bosonic quan-
tum state. For the characterization of nG we employ a mea-
sure based on the quantum relative entropy (QRE) between
the state under examination and a reference Gaussian state
[23, 24]. Concerning the nC, we use an indicator based on
the volume of the negative part of the Wigner function [22].
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2The final Subsection is devoted to briefly review the descrip-
tion of a noiseless linear amplifier in terms of measurement
operators of to introduce the corresponding conditionally am-
plified states [13].
A. Non-Gaussianity based on Quantum Relative Entropy
In continuous-variable systems, a single-mode radiation
field is described by creation and annihilation operators, aˆ†
and aˆ respectively, satisfying the bosonic commutation re-
lation [aˆ, aˆ†] = Iˆ. Coherent states are the eigenstates of the
annihilation operator |α〉, such that aˆ|α〉 = α|α〉, whereas
number states |n〉 are the eigenstates of the number opera-
tor aˆ†aˆ|n〉 = n|n〉. The operators xˆ = (aˆ + aˆ†)/√2 and
pˆ = i(aˆ† − aˆ)/√2, describe the observable quadratures of
the field. A quantum state, i.e. a density operator %ˆ, may
be represented in the phase space by means of the char-
acteristic function χ[%ˆ](α) = Tr[%ˆDˆ(α)], where Dˆ(α) =
exp{αaˆ† − α∗aˆ} is the displacement operator. The Wigner
function, defined as the Fourier transform of the characteris-
tic function W [%ˆ](λ) ∝ ∫ d2α exp{λ∗α − λα∗}χ[%ˆ](α), is
the most iconic quasi-probability distribution for the quantum
state [29]. In particular, it is the only one in the family of
the p-ordered quasiprobability distributions, widely used in
quantum optics [30, 31], that gives the probability densities
for quadrature measurements as its marginal distributions.
Gaussian states [32–35] are quantum states having a Gaus-
sian Wigner function
W [%ˆG](X) =
exp
[− 12 (X− 〈Rˆ〉)Tσ−1(X− 〈Rˆ〉)]
2pi
√
detσ
(1)
where we considered the Cartesian representation of real vari-
ables X = (x, p)T . A Gaussian state is fully identified by its
first-moment vector and it’s covariance matrix (CM), given by
〈Rˆ〉 = (〈xˆ〉, 〈pˆ〉) (2a)
[σ]kl =
1
2
〈{Rˆk, Rˆl}〉 − 〈Rˆk〉〈Rˆl〉 , (2b)
where Rˆ ≡ (xˆ, pˆ), the anti-commutator is denoted as {· , ·}
and the expectation values 〈·〉 are calculated over %ˆ by the
Born rule.
A useful measure of nG for a quantum state may be ob-
tained by introducing a reference Gaussian state %ˆG, having
the same CM and first-moment vector of state under consier-
ation %ˆ, namely 〈RˆG〉 = 〈Rˆ〉 and σG = σ. Given the von
Neumann entropy S(%ˆ) = −Tr[%ˆ ln %ˆ], the nG measure is then
defined as the quantum relative entropy (QRE) of these two
states, i.e. δnG[%ˆ] ≡ S[%ˆ ||%ˆG] = Tr[%ˆ(ln %ˆ − ln %ˆG)], which,
eventually, reduces to
δnG[%ˆ] = S(%ˆG)− S(%ˆ) , (3)
by exploiting the assumptions made on the reference Gaus-
sian state %ˆG [23]. Furthermore, this quantifier corresponds
to the relative entropy of nG, i.e. the minimum relative en-
tropy between the state under consideration and the whole set
of Gaussian states [36].
The quantum relative entropy is not a proper metric, since
it is not symmetric under exchange of its arguments. In spite
of this issue, it has been profitably used as a measure of sta-
tistical distinguishability between quantum states [37]. The
von Neumann entropy of a single mode Gaussian state is fully
determined by its CM as S(%ˆG) = h
(√
detσ
)
where the
function h(x) is given by
h(x) =
(
x+
1
2
)
ln
(
x+
1
2
)
−
(
x− 1
2
)
ln
(
x− 1
2
)
.
(4)
In the following, we will be mostly interested in pure states,
for which S(%ˆ) = 0; the nG measure thus assumes a simple
form
δnG[%ˆ] = h
(√
detσ
)
. (5)
B. Non-classicality based on Wigner Negativity
Phase-space analysis is at the heart of several approaches
to detect and quantify the non-classical character of quantum
states. Different notions of nC may be introduced, stemming
from the quasi-probability distributions associated to the state
under scrutiny, or by minimizing the distance to a set of clas-
sical states, similarly to the nG measurement we have just in-
troduced.
From the physical point of view, the most relevant notion
of non-classicality is associated to the Glauber-Sudarshan P -
function. A state is P non-classical when its P -function is
not a well-behaved density of probability, i.e., includes sin-
gularities and/or negative parts [38–40]. This notion of non-
classicality stems from the fact that coherent states are the
only pure quantum states that show classical features from the
point of view of quantum optics. A good measure of P -nC
is the so-called non-classical depth [41, 42], which consists
in evaluating the minimal amount of Gaussian noise required
to turn the P -function into a well-behaved probability distri-
bution. A caveat of this measure is that all pure nG states
saturate the upper bound of the non-classical depth, i.e. they
are all maximally non-classical under this measure [43]. As a
consequence this measure is not helpful to analyze in details
the nC properties of the pure Gaussian states we are going to
consider hereafter. This notion of nonclassicality has been re-
cently studied in the context of resource theories [44], where
an operational interpretation in terms of metrological useful-
ness has been introduced [45, 46].
An alternative approach, based on Wigner function, has
been suggested few years ago [22]. The W-function is known
to be a well-defined quasi-probability density function, i.e., it
may display negative parts, but it never has singularities. The
W -nonclassicality (W -nC) corresponds to the negative vol-
ume of the Wigner function, and it provides an intuitive and
practical way to detect the amount of nC of a quantum state,
as it allows to distinguish the degree of nC for different pure
3states. Moreover, this weaker form of non-classicality (any
W non-classical state is also P nonclassical, while the oppo-
site is not necessarily true) is the crucial resource for several
quantum information tasks (see below).
W -nC for a generic quantum state %ˆ is defined as follows:
δnC[%ˆ] =
∫
dx dp
[∣∣W [%ˆ](x, p)∣∣−W [%ˆ](x, p)]
=
∫
dx dp
∣∣W [%ˆ](x, p)∣∣− 1 , (6)
where the integration is performed over the whole phase
space and the second equality is obtained taking into account
the normalization of the Wigner function. Notice that the
Wigner function may also be computed directly, without pass-
ing through the characteristic function, upon employing the
following expression, valid for any density operator
W [%ˆ](X) =
2
pi
Tr
[
%ˆDˆ(2X)Πˆ
]
, (7)
with the parity operator defined as Πˆ = (−1)aˆ†aˆ.
From an operational point of view, the notion of W-nC has
been connected to the impossibility of efficiently simulating
a quantum system via phase-space methods [47, 48], or more
quantitatively to the hardness of estimating the output proba-
bilities of an experiment [49]. In turn, this fact seems to play
an important role for schemes aimed at quantum supremacy
with homodyne detection [50, 51]. For these reasons, W-nC
has been studied in the context of an operational resource the-
ory where the free operations are Gaussian ones; a particularly
useful monotone is the so-called Wigner logarithmic negativ-
ity [26], defined as log (δnC[%ˆ] + 1).
We also stress that the connection between nG states and
nC states with a negative Wigner function is strong. Accord-
ing to the Hudson theorem [52], Gaussian states are the only
pure states with a positive W , while for mixed states the sit-
uation is more involved [53–55]. Interestingly, for families
of pure non-Gaussian states where only a single parameter
is varied, quantifiers of nG and W -nC were always found to
be in a monotonic relationship. In particular, this observa-
tion has been made for ground states of anharmonic oscilla-
tors [56], where the behaviour of the two quantities is also
qualitatively very similar. However, note that in some cases
the behaviour can be wildly different, while retaining mono-
tonicity, e.g. when varying the amplitude of cat states the mea-
sure δnC saturates to a finite value, while δnG diverges [26].
Notice also that the quantifier of W-nC in Eq. (6) has
the valuable property of being accessible through experimen-
tal measurements, since the Wigner function can be recon-
structed by means of tomographic techniques, involving pho-
ton counting or homodyne detection of the marginal distribu-
tions of W [%ˆ](x, p) [57–60]. Another experimentally friendly
quantifier of W -nC based on relative entropy was also pro-
posed [61].
In the following Sections, we are going to consider different
kinds of signals undergoing noiseless amplification. In order
to qualitatively anticipate the nature of our results, let us pro-
vide a phase-space snapshot of the corresponding condition-
ally amplified states: in Fig. 1 we show the Wigner functions
of an amplified coherent state, an amplified squeezed vac-
uum state, and the reduced state of an amplified twin-beam.
The W -negativity and the nG character of the amplified states
clearly emerge. We also show the effect of amplification in
terms of the output signal energy (i.e. average photon num-
ber), assuming the same average photon number n¯ at g = 1.
W (x, p)
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W (x, p)
<latexit sha1_base64="uf2chSXTDikliiPbo/J0UvR88Wg=">AAAB93icbVBNS8NAFNzUr1q/qh69L BahgpSkCOqt4MVjBdMW2lA229e6dpMsuy9iDf0PXvXkSbz6czz4X0xiD9o6p2HmPd688ZUUBm370yosLa+srhXXSxubW9s75d29lolizcHlkYx0x2cGpAjBRYESOkoDC3wJbX98mfnte9BGROENThR4ARuFYig4w 1RqtasPJ+q4X67YNTsHXSTOjFTIDM1++as3iHgcQIhcMmO6jq3QS5hGwSVMS73YgGJ8zEbQTWnIAjBekqed0qPYMIyoAk2FpLkIvzcSFhgzCfx0MmB4a+a9TPzP68Y4PPcSEaoYIeTZIRQS8kOGa5HWAHQgNCCyL DlQEVLONEMELSjjPBXjtJdS2ocz//0iceu1i5pzfVpp1GfFFMkBOSRV4pAz0iBXpElcwskdeSLP5MV6tF6tN+v9Z7RgzXb2yR9YH9+g5JK7</latexit><latexit sha1_base64="uf2chSXTDikliiPbo/J0UvR88Wg=">AAAB93icbVBNS8NAFNzUr1q/qh69L BahgpSkCOqt4MVjBdMW2lA229e6dpMsuy9iDf0PXvXkSbz6czz4X0xiD9o6p2HmPd688ZUUBm370yosLa+srhXXSxubW9s75d29lolizcHlkYx0x2cGpAjBRYESOkoDC3wJbX98mfnte9BGROENThR4ARuFYig4w 1RqtasPJ+q4X67YNTsHXSTOjFTIDM1++as3iHgcQIhcMmO6jq3QS5hGwSVMS73YgGJ8zEbQTWnIAjBekqed0qPYMIyoAk2FpLkIvzcSFhgzCfx0MmB4a+a9TPzP68Y4PPcSEaoYIeTZIRQS8kOGa5HWAHQgNCCyL DlQEVLONEMELSjjPBXjtJdS2ocz//0iceu1i5pzfVpp1GfFFMkBOSRV4pAz0iBXpElcwskdeSLP5MV6tF6tN+v9Z7RgzXb2yR9YH9+g5JK7</latexit><latexit sha1_base64="uf2chSXTDikliiPbo/J0UvR88Wg=">AAAB93icbVBNS8NAFNzUr1q/qh69L BahgpSkCOqt4MVjBdMW2lA229e6dpMsuy9iDf0PXvXkSbz6czz4X0xiD9o6p2HmPd688ZUUBm370yosLa+srhXXSxubW9s75d29lolizcHlkYx0x2cGpAjBRYESOkoDC3wJbX98mfnte9BGROENThR4ARuFYig4w 1RqtasPJ+q4X67YNTsHXSTOjFTIDM1++as3iHgcQIhcMmO6jq3QS5hGwSVMS73YgGJ8zEbQTWnIAjBekqed0qPYMIyoAk2FpLkIvzcSFhgzCfx0MmB4a+a9TPzP68Y4PPcSEaoYIeTZIRQS8kOGa5HWAHQgNCCyL DlQEVLONEMELSjjPBXjtJdS2ocz//0iceu1i5pzfVpp1GfFFMkBOSRV4pAz0iBXpElcwskdeSLP5MV6tF6tN+v9Z7RgzXb2yR9YH9+g5JK7</latexit><latexit sha1_base64="uf2chSXTDikliiPbo/J0UvR88Wg=">AAAB93icbVBNS8NAFNzUr1q/qh69L BahgpSkCOqt4MVjBdMW2lA229e6dpMsuy9iDf0PXvXkSbz6czz4X0xiD9o6p2HmPd688ZUUBm370yosLa+srhXXSxubW9s75d29lolizcHlkYx0x2cGpAjBRYESOkoDC3wJbX98mfnte9BGROENThR4ARuFYig4w 1RqtasPJ+q4X67YNTsHXSTOjFTIDM1++as3iHgcQIhcMmO6jq3QS5hGwSVMS73YgGJ8zEbQTWnIAjBekqed0qPYMIyoAk2FpLkIvzcSFhgzCfx0MmB4a+a9TPzP68Y4PPcSEaoYIeTZIRQS8kOGa5HWAHQgNCCyL DlQEVLONEMELSjjPBXjtJdS2ocz//0iceu1i5pzfVpp1GfFFMkBOSRV4pAz0iBXpElcwskdeSLP5MV6tF6tN+v9Z7RgzXb2yR9YH9+g5JK7</latexit>
(b)
|⇠si
<latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit><latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit><latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit><latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit>
|⇠si
<latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit><latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit><latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit><latexit sha1_base64="NdJX7X6NvHwblW9GzwyeI947hgw=">AAACAnicbVA9TwJBEN3zE/ED1NJmI zGxInfGROxIbCwx8YQECJlbBtywt3fZnTMSpPRX2GplZWz9Ixb+F+9OCgVf9fLeTObNC2IlLbnup7O0vLK6tl7YKG5ube+Uyrt7NzZKjEBfRCoyrQAsKqnRJ0kKW7FBCAOFzWB0kfnNOzRWRvqaxjF2QxhqOZACK JV65dID79zLnuUdA3qosFeuuFU3B18k3oxU2AyNXvmr049EEqImocDatufG1J2AISkUToudxGIMYgRDbKdUQ4i2O8mDT/lRYoEiHqPhUvFcxN8bEwitHYdBOhkC3dp5LxP/89oJDWrdidRxQqhFdoikwvyQFUamj SDvS4NEkCVHLjUXYIAIjeQgRComaUXFtA9v/vtF4p9Uz6ve1WmlXpsVU2AH7JAdM4+dsTq7ZA3mM8ES9sSe2Yvz6Lw6b877z+iSM9vZZ3/gfHwDlz2XMA==</latexit>
|↵si
<latexit sha1_base64="uD124JOuzwKaTloyfWlt/MhivTo=">AAACBXicbVA9TwJBEN3DL8SvE0ubj cTEitwZE7EjsbHERIQECJlbBtiwt3fZnTMSpPdX2GplZWz9HRb+Fw+8QsFXvbw3k3nzglhJS5736eRWVtfWN/Kbha3tnd09d794a6PECKyLSEWmGYBFJTXWSZLCZmwQwkBhIxhdzvzGHRorI31D4xg7IQy07EsBl Epdt/jA26DiIXQtbxvQA4Vdt+SVvTn4MvEzUmIZal33q92LRBKiJqHA2pbvxdSZgCEpFE4L7cRiDGIEA2ylVEOItjOZZ5/y48QCRTxGw6XicxF/b0wgtHYcBulkCDS0i95M/M9rJdSvdCZSxwmhFrNDJBXOD1lhZ FoK8p40SASz5Mil5gIMEKGRHIRIxSRtqZD24S9+v0zqp+WLsn99VqpWsmLy7JAdsRPms3NWZVesxupMsHv2xJ7Zi/PovDpvzvvPaM7Jdg7YHzgf3+BUmHM=</latexit><latexit sha1_base64="uD124JOuzwKaTloyfWlt/MhivTo=">AAACBXicbVA9TwJBEN3DL8SvE0ubj cTEitwZE7EjsbHERIQECJlbBtiwt3fZnTMSpPdX2GplZWz9HRb+Fw+8QsFXvbw3k3nzglhJS5736eRWVtfWN/Kbha3tnd09d794a6PECKyLSEWmGYBFJTXWSZLCZmwQwkBhIxhdzvzGHRorI31D4xg7IQy07EsBl Epdt/jA26DiIXQtbxvQA4Vdt+SVvTn4MvEzUmIZal33q92LRBKiJqHA2pbvxdSZgCEpFE4L7cRiDGIEA2ylVEOItjOZZ5/y48QCRTxGw6XicxF/b0wgtHYcBulkCDS0i95M/M9rJdSvdCZSxwmhFrNDJBXOD1lhZ FoK8p40SASz5Mil5gIMEKGRHIRIxSRtqZD24S9+v0zqp+WLsn99VqpWsmLy7JAdsRPms3NWZVesxupMsHv2xJ7Zi/PovDpvzvvPaM7Jdg7YHzgf3+BUmHM=</latexit><latexit sha1_base64="uD124JOuzwKaTloyfWlt/MhivTo=">AAACBXicbVA9TwJBEN3DL8SvE0ubj cTEitwZE7EjsbHERIQECJlbBtiwt3fZnTMSpPdX2GplZWz9HRb+Fw+8QsFXvbw3k3nzglhJS5736eRWVtfWN/Kbha3tnd09d794a6PECKyLSEWmGYBFJTXWSZLCZmwQwkBhIxhdzvzGHRorI31D4xg7IQy07EsBl Epdt/jA26DiIXQtbxvQA4Vdt+SVvTn4MvEzUmIZal33q92LRBKiJqHA2pbvxdSZgCEpFE4L7cRiDGIEA2ylVEOItjOZZ5/y48QCRTxGw6XicxF/b0wgtHYcBulkCDS0i95M/M9rJdSvdCZSxwmhFrNDJBXOD1lhZ FoK8p40SASz5Mil5gIMEKGRHIRIxSRtqZD24S9+v0zqp+WLsn99VqpWsmLy7JAdsRPms3NWZVesxupMsHv2xJ7Zi/PovDpvzvvPaM7Jdg7YHzgf3+BUmHM=</latexit><latexit sha1_base64="uD124JOuzwKaTloyfWlt/MhivTo=">AAACBXicbVA9TwJBEN3DL8SvE0ubj cTEitwZE7EjsbHERIQECJlbBtiwt3fZnTMSpPdX2GplZWz9HRb+Fw+8QsFXvbw3k3nzglhJS5736eRWVtfWN/Kbha3tnd09d794a6PECKyLSEWmGYBFJTXWSZLCZmwQwkBhIxhdzvzGHRorI31D4xg7IQy07EsBl Epdt/jA26DiIXQtbxvQA4Vdt+SVvTn4MvEzUmIZal33q92LRBKiJqHA2pbvxdSZgCEpFE4L7cRiDGIEA2ylVEOItjOZZ5/y48QCRTxGw6XicxF/b0wgtHYcBulkCDS0i95M/M9rJdSvdCZSxwmhFrNDJBXOD1lhZ FoK8p40SASz5Mil5gIMEKGRHIRIxSRtqZD24S9+v0zqp+WLsn99VqpWsmLy7JAdsRPms3NWZVesxupMsHv2xJ7Zi/PovDpvzvvPaM7Jdg7YHzgf3+BUmHM=</latexit>
(d)| i
<latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+RS1tF oNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZxgEMFAy74UQ LnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtNDJBXODllhZF4G8p40S ATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit><latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+RS1tF oNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZxgEMFAy74UQ LnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtNDJBXODllhZF4G8p40S ATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit><latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+RS1tF oNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZxgEMFAy74UQ LnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtNDJBXODllhZF4G8p40S ATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit><latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+RS1tF oNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZxgEMFAy74UQ LnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtNDJBXODllhZF4G8p40S ATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit>
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FIG. 1. (Color online) Wigner functionsW (x, p) of (a) the amplified
coherent state |αs〉 of Eq. (14), (b) the amplified squeezed vacuum
state |ξs〉 of Eq. (17) and (c) the reduced state of an amplified twin-
beam %ˆs,χ of Eq. (21). These amplified states clearly show a highly
non-classical and non-Gaussian behavior. The plots have been ob-
tained by setting: (a) α = 0.8, (b) ξ = 0.73, (c) χ = 0.63 and
g = 4, p = 3. (d) The effect of amplification in the average pho-
ton number n¯ for these states, together with the amplified TWB of
Eq. (24), is plotted against the gain parameter g, assuming the same
average photon number n¯ = 0.64 at g = 1.
C. Noiseless linear amplification
Ideally, a perfect amplification would be obtained by ap-
plying the operator Tˆ = gaˆ
†aˆ, with a positive gain parameter
g > 1. The idea behind the NLA is to approximate the ac-
tion of this ideal operator, by implementing a measurement
protocol with post-selection [5]. However, it is not possi-
ble to implement the ideal operation with a finite probabil-
ity of success and therefore there is a trade-off between the
probability of success and the fidelity to the desired results.
The usual approach to obtain a feasible implementation with
non-zero probability of success is to implement the action of
the ideal amplification only on a finite-dimensional trunca-
tion of the Fock space. An optimal (w.r.t. the previously
mentioned trade-off) measurement (Kraus) operator for this
scheme was introduced in [12] and further studied [13]. The
action of this protocol is described as follows: we consider
two possible outcomes, success (s) and failure (f ), which cor-
responds to a two-element POVM
{
Eˆp†s Eˆ
p
s , Eˆ
p†
f Eˆ
p
f
}
such
that Eˆp†s Eˆ
p
s + Eˆ
p†
f Eˆ
p
f = Iˆ. The success measurement opera-
4tor reads
Eˆps = g
−p
p∑
n=0
gn |n〉 〈n|+
∞∑
n=p+1
|n〉 〈n| , (8)
where p is an integer truncation parameter of the Fock space,
i.e. the amplification threshold. The probability of a success-
ful amplification when the measurement scheme is applied to
a generic pure state |ψ〉 may be written as
Ps,ψ = 〈ψ|Eˆp†s Eˆps |ψ〉
= g−2p
p∑
n=0
g2n|〈n|ψ〉|2 +
∞∑
n=p+1
|〈n|ψ〉|2 . (9)
The corresponding conditionally amplified state is
|ψs〉 = Eˆ
p
s |ψ〉√
Ps,ψ
. (10)
In the limit of low gain, i.e. g = 1 + γ with 0 < γ  1
we may write the success operator in the following simplified
form
Eˆps
γ1' I− γ
p∑
n=0
(p− n) |n〉〈n| . (11)
The corresponding probability of amplification may be writ-
ten as
Ps,ψ
γ1' 1− 2γ
p∑
n=0
(p− n) ∣∣〈ψ|n〉∣∣2 . (12)
In the following, we will consider amplification of paradig-
matic examples of Gaussian states, with emphasis on the con-
ditional generation of non-Gaussian and non-classical ampli-
fied states by means of the NLA process.
III. ENGINEER NON-GAUSSIAN AND NON-CLASSICAL
STATES BY NOISELESS AMPLIFICATION OF
SINGLE-MODE SIGNALS
A. Noiseless amplification of coherent states
In order to assess the performances of NLAs in the gener-
ation on nC and nG, let us start by investigating their action
on coherent states, which can be easily generated experimen-
tally. Coherent states correspond to displaced vacuum states
Dˆ(α)|0〉, and may be expressed in the Fock basis as
|α〉 = e− |α|
2
2
∞∑
n=0
αn√
n!
|n〉, (13)
where α is the coherent state amplitude and n¯ = |α|2 the mean
photon number. According to Eq. (10), an amplified coherent
state reads
|αs〉 = e
− |α|22√
Ps,α
(
g−p
p∑
n=0
(gα)n√
n!
|n〉+
∞∑
n=p+1
αn√
n!
|n〉
)
,
(14)
where Ps,α denotes the probability of a successful amplifica-
tion
Ps,α = e
−|α|2
[
g−2p
p∑
n=0
(g|α|)2n
n!
+
∞∑
n=p+1
|α|2n
n!
]
. (15)
The nG of the resulting amplified coherent state is assessed
in terms of the measure δnG, as described in Sec. II A, and,
since the conditional state |αs〉 generated by the NLA is pure,
it can be easily computed by means of Eq. (5). As shown in the
upper left panel of Fig. 2, the action of the non-deterministic
NLA on a coherent state is to generate an amplified noiseless
pure state (14) with an amount of nG monotonically increas-
ing with the gain parameter g. In particular, we chose, without
loss of generality, a real coherent amplitude α = 0.8 and dif-
ferent values of the threshold parameter p = 2, 3, 4. As it is
apparent from the plot, we have a monotone behaviour with g
for any p. The larger is p the larger is the nG at large values
of the gain. Coherent state
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FIG. 2. (Color online) Non-Gaussianity and non-classicality of the
amplified coherent state of Eq. (14). (a) Plot of the nG measure δnG
as a function of the gain parameter g. (b) Plot of the nC measure δnC
as a function of the gain parameter g. Plots of δnG (c) and δnC (d) as
a function of the success probability Ps,α. The three curves for each
plot correspond to different NLA thresholds: p = 2 (solid blue),
p = 3 (dashed orange) and p = 4 (dotted green). The amplitude of
the coherent state is α = 0.8.
The Wigner function of the amplified coherent state %ˆs,α =
|αs〉〈αs| may be conveniently obtained from the expression
(7). As it can be appreciated from the plot in Fig. 1(a), the
Wigner function clearly has negative values. In the upper
right panel of Fig. 2, the W -nC of an amplified coherent state,
i.e. δnC[%ˆs,α] in Eq. 6, is shown as a function of the gain g
of the NLA. We notice that W -nC increases monotonically
with g, and the larger is the threshold, the larger is the nC, for
large g. Remarkably, both the nG and the nC share the same
qualitative behaviour against the NLA parameters, confirm-
ing the connection explained in II B. The behaviours of the
two quantities suggest to identify the NLA gain as the param-
eter driving the semiclassical coherent signal to a highly non-
Gaussian and non-classical one. The lower panels of Fig. 2 il-
lustrate the tradeoff between the amount of obtained nG (nC)
5and the corresponding probability Ps,α of successful amplifi-
cation. Larger values of Ps,α are obtained for smaller gain.
B. Noiseless amplification of squeezed vacuum
Another important Gaussian state, employed as a resource
in many quantum protocols, is the squeezed vacuum state
|ξ〉 = Sˆ(ξ)|0〉, where the squeezing operator Sˆ(ξ) =
exp{ 12ξ(aˆ†)2− 12ξ∗(aˆ)2} acts on the vacuum state. The phase
of the squeezing parameter ξ = reiφ specifies which quadra-
ture of the field is squeezed, whereas its modulus quantifies
the amount of squeezing. The expression of a squeezed vac-
uum in the Fock basis is given by
|ξ〉 = 1√
µ
∞∑
n=0
(
ν
2µ
)n √
(2n)!
n!
|2n〉
≡
∞∑
n=0
xn |2n〉 ,
∞∑
n=0
|xn|2 = 1 (16)
where µ = cosh r and ν = eiφ sinh r. The action of NLA
on the squeezed vacuum with a successful amplification, em-
ploying Eq. (10), reads
|ξs〉 = 1√
Ps,ξ
g−p p∑
n=0
(n even)
gnxn
2
|n〉+
∞∑
n=p+1
(n even)
xn
2
|n〉
 ,
(17)
where the success probability is given by
Ps,ξ = g
−2p
p∑
n=0
g2n|xn
2
|2 +
∞∑
n=p+1
|xn
2
|2 . (18)
In the upper left panel of Fig. 3, we show the nG measure
δnG[%ˆs,ξ] for the amplified state %ˆs,ξ = |ξs〉〈ξs| as a function
of the gain parameter g, for different values of the threshold
p = 2, 3, 4, at a fixed value of the squeezing parameter ξ =
0.73, corresponding to the same input energy, at g = 1, of
a coherent state with α = 0.8. We notice that, starting from
a squeezed vacuum, the efficiency of the NLA in generating
non-Gaussianity is much larger than in the coherent-state case,
in particular for low values of the gain parameter.
In the upper right panel of Fig. 3, we show the non-
classicality δnC[%ˆs,ξ] as a function of the gain parameter g,
for different values of the threshold p = 2, 3, 4, at a fixed
value of the squeezing strength r = 0.73. Similarly to the
nG measure, amplification generates a large amount of non-
classicality, also for low values of the gain. The role of the
threshold p, likewise, is to increment the nC measure. Again,
δnG[%ˆs,ξ] and δnC[%ˆs,ξ] are two increasing monotonic func-
tions, and the amplified state is highly non-classical and non-
Gaussian at the same time. The lower panels of Fig. 3 illus-
trate the tradeoff between the amount of nG (nC) obtained
and the success probability Ps,α. Remarkably, increasing the
threshold value from p = 3 to p = 4 leads to substantially
larger values of nG and nC, with basically the same success
probability.
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FIG. 3. (Color online) Non-Gaussianity and non-classicality of the
amplified squeezed vacuum state of Eq. (17). (a) nG measure δnG
plotted against the gain parameter g. (b) Plot of the nC measure δnC
as a function of the gain g. Plots of δnG (c) and δnC (d) as a function
of the success probability Ps,ξ. The three curves for each plot corre-
spond to different NLA threshold: p = 2 (solid blue), p = 3 (dashed
orange) and p = 4 (dotted green). The squeezing parameter is set to
r = 0.73.
IV. ENGINEER NON-GAUSSIAN AND NON-CLASSICAL
STATES BY NOISELESS AMPLIFICATION OF
TWIN-BEAM
A. Destructive noiseless amplification of twin-beam
The projection postulate offers a viable mechanism to re-
alise synthetic dynamics and, in turn, to generate quantum
states otherwise unreachable with Hamiltonian evolution [17].
In this Section, we analyse the effects of both destructive
and non-destructive implementation of NLA on a maximally
entangled continuous variables states, namely the twin-beam
(TWB) state:
|χ〉 =
√
1− χ2
∞∑
n=0
χn |n, n〉 , (19)
where 0 < χ < 1 and |n, n〉 = |n〉 ⊗ |n〉 is the Fock basis for
the two-mode system. The TWB state is a Gaussian two-mode
state obtained by the action of the two-mode squeezing oper-
ator Sˆ2(χ) = exp{χaˆbˆ − χ∗aˆ†bˆ†} on the vacuum |0〉 ⊗ |0〉,
where a and b denote the two involved modes. Without loss of
generality, we will consider χ as a real parameter. These states
of light may be generated in non-degenerate optical paramet-
ric amplifiers by spontaneous down-conversion or by mixing
at a balanced linear mixer two squeezed vacua with opposite
squeezing phases. Since the efficiencies of these processes
are relatively weak, it is of interest to investigate protocols to
enhance the resulting nonclassical properties.
According to the reduction postulate, a measurement per-
formed on one of the two constituents of an entangled bipar-
tite system leaves the other part in a conditional state, which
depends on the outcome of the measurement. Considering
the twin-beam state (19) and a successful NLA amplification
6performed on subsystem a, the subsystem b is reduced into a
diagonal state
%ˆs,χ =
1
Ps,χ
Tra
[
|χ〉 〈χ| Πˆs ⊗ Iˆb
]
(20)
=
(1− χ2)
Ps,χ
[
g−2p
p∑
n=0
(gχ)2n |n〉 〈n|
+
∞∑
n=p+1
χ2n |n〉 〈n|
]
, (21)
where Πˆs = Eˆp†s Eˆ
p
s denotes an element of the POVM de-
scribing the NLA, Iˆb the identity operator acting on Hb and
Ps,χ is the probability of successful amplification:
Ps,χ = (1− χ2)
[
g−2p
p∑
n=0
(gχ)2n +
∞∑
n=p+1
χ2n
]
. (22)
In order to compute the nG measure for the amplified state in
%ˆs,χ we refer to Eq. (3). As the state (21) is diagonal in the
Fock basis, its reference Gaussian state %ˆG is a thermal state
with mean photon number n¯s,χ = Tr[%ˆs,χ aˆ†aˆ] and diagonal
CM σ = 12Diag(1 + 2n¯s,χ, 1 + 2n¯s,χ). Moreover, the von
Neumann entropy S(%ˆs,χ) = −
∑
n ρn ln ρn can be directly
calculated with the diagonal matrix elements ρn of the state
(21). The resulting nG measure for this amplified mixed state
can, thus, be written in this simple form:
δnG[%ˆs,χ] = h
(
1
2
+ n¯s,χ
)
+
∑
n
ρn ln ρn . (23)
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FIG. 4. (Color online) Non-Gaussianity and non-classicality of the
amplified state of Eq. (21). (a) nG measure δnG plotted against the
gain parameter g. (b) plot of the nC measure δnC as a function of
the gain g. Plots of δnG (c) and δnC (d) as a function of the success
probability Ps,χ.The three curves for each plot correspond to differ-
ent thresholds p = 2 (solid blue), p = 3 (dashed orange) and p = 4
(dotted green). The TWB parameter is set to χ = 0.63.
In the upper left panel of Fig. 4 we show the nG measure
( 23) as a function of the gain parameter g for the amplified
state %ˆs,χ. The three curves correspond to different thresholds
p = 2, 3, 4 and, as already observed in the previous cases, the
function δnG[%ˆs,χ] increases monotonically with the gain. The
same happens if one increases the threshold.
As highlighted in Fig. 1(c), the Wigner function of the am-
plified state %ˆs,χ may assume negative values. The nC mea-
sure δnC[%ˆs,χ] is shown as a function of the gain g in the upper
right panel of Fig. 4 and it displays a monotonic growth. At
variance with the previous cases, i.e. amplification of coher-
ent and squeezed vacuum states, we observe that the W-nC of
%ˆs,χ is zero before a threshold value of the gain, and then starts
to grow monotonically for any value of p. This happens since
the Wigner function of the amplified state is diagonal in the
Fock basis and, thus, phase independent. It begins to warp as
the gain increases but remains positive. Only after a particular
value of the gain, depending mainly on the TWB parameter
χ, the Wigner function takes on negative volumes. Thus we
have found that the two quantifiers we considered are still in a
monotonic relationship, even though they have a qualitatively
different behavior, as already mentioned in Sec. II B.
Let us now compare the performances of the amplifica-
tion process in the generation of single-mode nG and nC.
To this purpose, we consider input signals with the same
initial energy undergoing identical amplification process, i.e.
n¯α = n¯ξ = n¯χ ≡ n¯ where n¯α ≡ 〈α|aˆ†aˆ|α〉 = |α|2,
n¯ξ ≡ 〈ξ|aˆ†aˆ|ξ〉 = sinh2 r and n¯χ = χ(1−χ2)−1/2. In Fig. 5
we plot δnG (left panel) and δnC (right panel) as a function of
n¯, with fixed NLA parameters g = 3 and p = 2. In particu-
lar, we see that for both the nG and nC measures the amplified
squeezed vacuum state (17) performs better than the amplified
coherent state (14), whereas the amplified reduced TWB state
(21) has the lowest values of nG and W-nC. We observe that
the single-mode squeezing is a better resource in obtaining
highly non-Gaussian and non-classical states, whereas the de-
structive measurement performed on the amplified TWB state
somehow spoils the input quantumness. ��� ��� ��� ����
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|⇠si
<latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRD oxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT 9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRD oxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT 9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRD oxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT 9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRD oxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT 9wPr4Bay6Wqw==</latexit>
|↵si
<latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3D L8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwG V1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIo n4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnO IfsD5+MbK3CYHw==</latexit><latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3D L8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwG V1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIo n4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnO IfsD5+MbK3CYHw==</latexit><latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3D L8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwG V1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIo n4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnO IfsD5+MbK3CYHw==</latexit><latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3D L8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwG V1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIo n4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnO IfsD5+MbK3CYHw==</latexit>
|⇠si
<latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uH Nfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uH Nfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uH Nfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uH Nfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit>
%ˆs, 
<latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR1 09XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkpp H87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR1 09XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkpp H87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR1 09XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkpp H87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR1 09XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkpp H87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit>
%ˆs, 
<latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrx hfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv 9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F 466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199g fWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrx hfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv 9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F 466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199g fWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrx hfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv 9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F 466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199g fWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrx hfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv 9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F 466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199g fWxzcb9prb</latexit>
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|↵si
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<latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDo xs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9w Pr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDo xs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9w Pr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDo xs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9w Pr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3z E/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6bybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4 PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDo xs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHNfj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9w Pr4Bay6Wqw==</latexit>
|↵si
<latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3DL 8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwGV 1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIon 4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnOIf sD5+MbK3CYHw==</latexit><latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3DL 8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwGV 1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIon 4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnOIf sD5+MbK3CYHw==</latexit><latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3DL 8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwGV 1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIon 4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnOIf sD5+MbK3CYHw==</latexit><latexit sha1_base64="gVec/1hqSIDHec82aMy6HCqtT6Q=">AAACA3icbVA9TwJBEN3DL 8SvU0ubjcTEitwZE7EjsbHERMQELpe5ZYANe3uX3TkSgrT+ClutrIytP8TC/+KBFAq+6uW9mcybF6VKWvK8T6ewsrq2vlHcLG1t7+zuufsHdzbJjMCGSFRi7iOwqKTGBklSeJ8ahDhS2IwGV 1O/OURjZaJvaZRiEENPy64UQLkUuu5DG1Tah9C2DeiewtAtexVvBr5M/DkpsznqofvV7iQii1GTUGBty/dSCsZgSAqFk1I7s5iCGEAPWznVEKMNxrPkE36SWaCEp2i4VHwm4u+NMcTWjuIon 4yB+nbRm4r/ea2MutVgLHWaEWoxPURS4eyQFUbmlSDvSINEME2OXGouwAARGslBiFzM8o5KeR/+4vfLpHFWuaz4N+flWnVeTJEdsWN2ynx2wWrsmtVZgwk2ZE/smb04j86r8+a8/4wWnPnOIf sD5+MbK3CYHw==</latexit>
|⇠si
<latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHN fj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHN fj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHN fj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit><latexit sha1_base64="2acpX0tSjpe7sruylTA2C1LnCls=">AAAB/nicbVA9TwJBEN3zE/ELtbTZSEysyJ0xETsSG0tMREjgQuaWATfs7Z27c0aCFP4KW62sjK1/xcL/4nFeoeCrXt6b ybx5QaykJdf9dBYWl5ZXVgtrxfWNza3t0s7utY0SI7AhIhWZVgAWldTYIEkKW7FBCAOFzWB4PvWbd2isjPQVjWL0Qxho2ZcCKJX8h8697NqOAT1Q2C2V3Yqbgc8TLydllqPeLX11epFIQtQkFFjb9tyY/DEYkkLhpNhJLMYghjDAdko1hGj9cRZ6wg8TCxTxGA2Ximci/t4YQ2jtKAzSyRDoxs56U/E/r51Qv+qPpY4TQi2mh0gqzA5ZYWTaBvKeNEgE0+TIpeYCDBChkRyESMUkraeY9uHN fj9PGseVs4p3eVKuVfNiCmyfHbAj5rFTVmMXrM4aTLBb9sSe2Yvz6Lw6b877z+iCk+/ssT9wPr4Bay6Wqw==</latexit>
%ˆs, 
<latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR10 9XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH 87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR10 9XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH 87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR10 9XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH 87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxhfUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR10 9XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH 87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzcb9prb</latexit>
%ˆs, 
<latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxh fUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9 +jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F4 66QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gf Wxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxh fUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9 +jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F4 66QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gf Wxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxh fUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9 +jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F4 66QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gf Wxzcb9prb</latexit><latexit sha1_base64="KrhZld8urfdLto02+/4jrZCSkK8=">AAACCXicbVDLSgNBEJyNrxh fUcGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9 +jNrIMLilSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxJy6Yiin3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F4 66QMNzbyXif957Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gf Wxzcb9prb</latexit>
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FIG. 5. (Color online) Plots of the nG and nC measures, δnG (left
panel) and δnC (right panel), as a function of the mean input energy
n¯, for the amplified states |αs〉 (dashed orange), |ξs〉 (solid blue) and
%ˆs,χ (dotted green). The parameters of the NLA, g = 3 and p = 2,
are fixed in each plot.
B. Increasing entanglement by non-destructive NLA on
twin-beam
In this section, we examine the action of a successful non-
destructive probabilistic amplification on a TWB state by fo-
cussing on the nG and the entanglement between the two cor-
7related modes. A non-destructive measurement performed by
the NLA on one mode of a TWB results in the following pure
conditional state:
|χs〉 = Eˆ
p
s ⊗ Ib |χ〉√
Ps,χ
(24)
=
√
1− χ2√
Ps,χ
(
g−p
p∑
n=0
(gχ)n |n, n〉+
∞∑
n=p+1
χn |n, n〉
)
,
where the success probability is given by Eq. (22). The nG
measure for the amplified TWB state reduces to Eq. (5), as
the state (24) remains pure under the action of the NLA. In
order to compute the reference Gaussian state, we make some
considerations on the CM (2b) of a two-mode Gaussian state
σ2, which can be written in a block form as
σ2 =
(
A C
CT B
)
, (25)
whereA,B andC are 2×2 matrices. By means of local sym-
plectic transformations, it is possible to derive four symplectic
invariants, namely I1 ≡ detA, I2 ≡ detB, I3 ≡ detC and
I4 ≡ detσ2 and derive a simple expression for the two sym-
plectic eigenvalues of σ2:
d± =
√
∆(σ2)±
√
∆2(σ2)− 4I4
2
, (26)
where ∆(σ2) ≡ I1 + I2 + 2I3. The von Neumann en-
tropy of a generic two-mode Gaussian state can be written as
S(%ˆ) = h(d+) + h(d−). In the case of the amplified TWB
state (24) it is easy to see that I1 = I2 = 12 + N¯χ, with
N¯χ = Tr[|χ〉〈χ|(aˆ†aˆ+ bˆ†bˆ)], and that d+ = d− =
√
I1 + I3.
Overall, the nG measure may be expressed as
δnG
[
|χs〉〈χs|
]
= 2h(d+) = 2
√
I1 + I3 (27)
and it is plotted as a function of the gain parameter in the left
panel of Fig. 6.
As it is apparent from the plot, we recover the same be-
havior as in the previous examples concerning the mono-
tonic growth with increasing gain of NLA. We compare the
nG measure of the amplified states (21) and (24) for a NLA
with, respectively, destructive and non-destructive measure-
ments. In particular, by fixing the same squeezing parameter
χ1 = 0.63 at g = 1, meaning that the resource TWB state
(19) is fixed, we notice an enhancement of the NLA protocol
in the non-destructive-measurement case (dashed curve with
respect to the solid one). On the other hand, another com-
parison can be made by limiting the amount of mean energy
of the resource state at g = 1, i.e. fixing n¯χ1 = N¯χ2 with
χ2 = 0.50. Also in this case, the enhancement of the ampli-
fication process occurs for a NLA with non-destructive mea-
surement (dotted curve with respect to the solid one). The ini-
tial resources being equal, a NLA with non-destructive mea-
surement acting on a TWB state strongly enhances the non-
Gaussianity character of the amplified state.
Let us now study whether the NLA enhances entanglement
in the amplified TWB state. The most notable measure of
entanglement for a bipartite pure state |Ψ〉 is the entropy of
entanglement, which is defined as the von Neumann entropy
of one of the reduced states %b = Tra[|Ψ〉〈Ψ|]:
E[ |Ψ〉 ] = S [%ˆb] = −
∞∑
n=0
ρn ln ρn , (28)
where ρn are the eigenvalues of the reduced state. In our case,
the initial TWB state is pure and the corresponding reduced
state of mode b is exactly the amplified state (21) with a non-
destructive measurement. We already calculated S(%ˆs,χ) in
the evaluation of the nG measure δnG[%ˆs,χ], highlighting the
strong relation between non-Gaussianity of the reduced am-
plified state %ˆs,χ and the amount of entanglement of the bipar-
tite amplified state |χs〉. We can observe in the right panel of
Fig. 6 that the entanglement measureE[ |χs〉 ] shows a charac-
teristic peak depending on the value of the squeezing parame-
ter, occurring at lower values of the NLA gain for higher val-
ues of χ. The remarkable result is provided by the comparison
between the curves and the reference values of the amount of
entanglement for the initial TWB state at g = 1 (highlighted
points in the figure). For any value of the NLA gain g > 1,
the amplification process brings along an enhancement of en-
tanglement in the amplified state with respect to the amount
of entanglement of the corresponding TWB state.
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| 1si
<latexit sha1_base64="cFIrqbcvw5ysifpGO5gqbJaDhIA=">AAACBHicbVA9TwJBEN3DL8Qv0N JmIzGxInfGROxIbCwxESEBQuaWATbs7V125zTkpPZX2GplZWz9Hxb+F4+TQsFXvbw3k3nz/EhJS6776eRWVtfWN/Kbha3tnd29Ymn/1oaxEdgQoQpNyweLSmpskCSFrcggBL7Cpj++nPnNOzRWhvqGJhF2 AxhqOZACKJV6xdJDR4xkL/HstGNADxX2imW34mbgy8SbkzKbo94rfnX6oYgD1CQUWNv23Ii6CRiSQuG00IktRiDGMMR2SjUEaLtJFn3Kj2MLFPIIDZeKZyL+3kggsHYS+OlkADSyi95M/M9rxzSodhOpo5h Qi9khkgqzQ1YYmXaCvC8NEsEsOXKpuQADRGgkByFSMU5LKqR9eIvfL5PGaeWi4l2flWvVeTF5dsiO2Anz2DmrsStWZw0m2D17Ys/sxXl0Xp035/1nNOfMdw7YHzgf392PmIA=</latexit><latexit sha1_base64="cFIrqbcvw5ysifpGO5gqbJaDhIA=">AAACBHicbVA9TwJBEN3DL8Qv0N JmIzGxInfGROxIbCwxESEBQuaWATbs7V125zTkpPZX2GplZWz9Hxb+F4+TQsFXvbw3k3nz/EhJS6776eRWVtfWN/Kbha3tnd29Ymn/1oaxEdgQoQpNyweLSmpskCSFrcggBL7Cpj++nPnNOzRWhvqGJhF2 AxhqOZACKJV6xdJDR4xkL/HstGNADxX2imW34mbgy8SbkzKbo94rfnX6oYgD1CQUWNv23Ii6CRiSQuG00IktRiDGMMR2SjUEaLtJFn3Kj2MLFPIIDZeKZyL+3kggsHYS+OlkADSyi95M/M9rxzSodhOpo5h Qi9khkgqzQ1YYmXaCvC8NEsEsOXKpuQADRGgkByFSMU5LKqR9eIvfL5PGaeWi4l2flWvVeTF5dsiO2Anz2DmrsStWZw0m2D17Ys/sxXl0Xp035/1nNOfMdw7YHzgf392PmIA=</latexit><latexit sha1_base64="cFIrqbcvw5ysifpGO5gqbJaDhIA=">AAACBHicbVA9TwJBEN3DL8Qv0N JmIzGxInfGROxIbCwxESEBQuaWATbs7V125zTkpPZX2GplZWz9Hxb+F4+TQsFXvbw3k3nz/EhJS6776eRWVtfWN/Kbha3tnd29Ymn/1oaxEdgQoQpNyweLSmpskCSFrcggBL7Cpj++nPnNOzRWhvqGJhF2 AxhqOZACKJV6xdJDR4xkL/HstGNADxX2imW34mbgy8SbkzKbo94rfnX6oYgD1CQUWNv23Ii6CRiSQuG00IktRiDGMMR2SjUEaLtJFn3Kj2MLFPIIDZeKZyL+3kggsHYS+OlkADSyi95M/M9rxzSodhOpo5h Qi9khkgqzQ1YYmXaCvC8NEsEsOXKpuQADRGgkByFSMU5LKqR9eIvfL5PGaeWi4l2flWvVeTF5dsiO2Anz2DmrsStWZw0m2D17Ys/sxXl0Xp035/1nNOfMdw7YHzgf392PmIA=</latexit><latexit sha1_base64="cFIrqbcvw5ysifpGO5gqbJaDhIA=">AAACBHicbVA9TwJBEN3DL8Qv0N JmIzGxInfGROxIbCwxESEBQuaWATbs7V125zTkpPZX2GplZWz9Hxb+F4+TQsFXvbw3k3nz/EhJS6776eRWVtfWN/Kbha3tnd29Ymn/1oaxEdgQoQpNyweLSmpskCSFrcggBL7Cpj++nPnNOzRWhvqGJhF2 AxhqOZACKJV6xdJDR4xkL/HstGNADxX2imW34mbgy8SbkzKbo94rfnX6oYgD1CQUWNv23Ii6CRiSQuG00IktRiDGMMR2SjUEaLtJFn3Kj2MLFPIIDZeKZyL+3kggsHYS+OlkADSyi95M/M9rxzSodhOpo5h Qi9khkgqzQ1YYmXaCvC8NEsEsOXKpuQADRGgkByFSMU5LKqR9eIvfL5PGaeWi4l2flWvVeTF5dsiO2Anz2DmrsStWZw0m2D17Ys/sxXl0Xp035/1nNOfMdw7YHzgf392PmIA=</latexit>
  = 0.63
<latexit sha1_base64="R4Q43KxMr9+L5ylYgOAgaZ+X8Gk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIBQSiQItFQBgmToMSKzpdNcsr5bN2tkSIrX0ELFRWi5Wco+Bds4wISphrN7Gpnx4+kMGjbn1ZpaXllda28XtnY3Nreqe7 u3Zsw1hxcHspQd3xmQAoFLgqU0Ik0sMCX0PYn15nffgRtRKjucBqBF7CREkPBGabSQ4+PxZVdPz/tV2t23c5BF4lTkBop0OpXv3qDkMcBKOSSGdN17Ai9hGkUXMKs0osNRIxP2Ai6KVUsAOMleeAZPYoNw5BGoKmQNBfh90bCAmOmgZ9OBgzHZt7LxP+8bozDhpcIFcUIimeHUEjIDxmuRdoE0IHQgMiy5ECFopxphghaUMZ5KsZpNZW0D2f++0XintQv687tWa3ZKIopkwNySI6JQy5Ik9yQFnEJJwF5Is/kxZpZr9ab9f4zWrKKnX3yB9bHN2kzk7c=</latexit><latexit sha1_base64="R4Q43KxMr9+L5ylYgOAgaZ+X8Gk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIBQSiQItFQBgmToMSKzpdNcsr5bN2tkSIrX0ELFRWi5Wco+Bds4wISphrN7Gpnx4+kMGjbn1ZpaXllda28XtnY3Nreqe7 u3Zsw1hxcHspQd3xmQAoFLgqU0Ik0sMCX0PYn15nffgRtRKjucBqBF7CREkPBGabSQ4+PxZVdPz/tV2t23c5BF4lTkBop0OpXv3qDkMcBKOSSGdN17Ai9hGkUXMKs0osNRIxP2Ai6KVUsAOMleeAZPYoNw5BGoKmQNBfh90bCAmOmgZ9OBgzHZt7LxP+8bozDhpcIFcUIimeHUEjIDxmuRdoE0IHQgMiy5ECFopxphghaUMZ5KsZpNZW0D2f++0XintQv687tWa3ZKIopkwNySI6JQy5Ik9yQFnEJJwF5Is/kxZpZr9ab9f4zWrKKnX3yB9bHN2kzk7c=</latexit><latexit sha1_base64="R4Q43KxMr9+L5ylYgOAgaZ+X8Gk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIBQSiQItFQBgmToMSKzpdNcsr5bN2tkSIrX0ELFRWi5Wco+Bds4wISphrN7Gpnx4+kMGjbn1ZpaXllda28XtnY3Nreqe7 u3Zsw1hxcHspQd3xmQAoFLgqU0Ik0sMCX0PYn15nffgRtRKjucBqBF7CREkPBGabSQ4+PxZVdPz/tV2t23c5BF4lTkBop0OpXv3qDkMcBKOSSGdN17Ai9hGkUXMKs0osNRIxP2Ai6KVUsAOMleeAZPYoNw5BGoKmQNBfh90bCAmOmgZ9OBgzHZt7LxP+8bozDhpcIFcUIimeHUEjIDxmuRdoE0IHQgMiy5ECFopxphghaUMZ5KsZpNZW0D2f++0XintQv687tWa3ZKIopkwNySI6JQy5Ik9yQFnEJJwF5Is/kxZpZr9ab9f4zWrKKnX3yB9bHN2kzk7c=</latexit><latexit sha1_base64="R4Q43KxMr9+L5ylYgOAgaZ+X8Gk=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJKrIBQSiQItFQBgmToMSKzpdNcsr5bN2tkSIrX0ELFRWi5Wco+Bds4wISphrN7Gpnx4+kMGjbn1ZpaXllda28XtnY3Nreqe7 u3Zsw1hxcHspQd3xmQAoFLgqU0Ik0sMCX0PYn15nffgRtRKjucBqBF7CREkPBGabSQ4+PxZVdPz/tV2t23c5BF4lTkBop0OpXv3qDkMcBKOSSGdN17Ai9hGkUXMKs0osNRIxP2Ai6KVUsAOMleeAZPYoNw5BGoKmQNBfh90bCAmOmgZ9OBgzHZt7LxP+8bozDhpcIFcUIimeHUEjIDxmuRdoE0IHQgMiy5ECFopxphghaUMZ5KsZpNZW0D2f++0XintQv687tWa3ZKIopkwNySI6JQy5Ik9yQFnEJJwF5Is/kxZpZr9ab9f4zWrKKnX3yB9bHN2kzk7c=</latexit>
  = 0.20
<latexit sha1_base64="N1o1kxkgcZMjkixYuEO++TQZA+I=">AAAB+nicbVBNS8NAFNz4WetX1aOXxSJ4CkkRrA eh4MVjBWMrbSib7Wu7dDcJuy9CCf0VXvXkSbz6Zzz4X0xiDto6p2HmPd68CWIpDDrOp7Wyura+sVnZqm7v7O7t1w4O702UaA4ej2SkuwEzIEUIHgqU0I01MBVI6ATT69zvPII2IgrvcBaDr9g4FCPBGWbSQ59PxJVjN5xBre7YTgG6TNyS1 EmJ9qD21R9GPFEQIpfMmJ7rxOinTKPgEubVfmIgZnzKxtDLaMgUGD8tAs/paWIYRjQGTYWkhQi/N1KmjJmpIJtUDCdm0cvF/7xegqOmn4owThBCnh9CIaE4ZLgWWRNAh0IDIsuTAxUh5UwzRNCCMs4zMcmqqWZ9uIvfLxOvYV/a7u15vdU si6mQY3JCzohLLkiL3JA28QgnijyRZ/Jiza1X6816/xldscqdI/IH1sc3Xk2TsA==</latexit><latexit sha1_base64="N1o1kxkgcZMjkixYuEO++TQZA+I=">AAAB+nicbVBNS8NAFNz4WetX1aOXxSJ4CkkRrA eh4MVjBWMrbSib7Wu7dDcJuy9CCf0VXvXkSbz6Zzz4X0xiDto6p2HmPd68CWIpDDrOp7Wyura+sVnZqm7v7O7t1w4O702UaA4ej2SkuwEzIEUIHgqU0I01MBVI6ATT69zvPII2IgrvcBaDr9g4FCPBGWbSQ59PxJVjN5xBre7YTgG6TNyS1 EmJ9qD21R9GPFEQIpfMmJ7rxOinTKPgEubVfmIgZnzKxtDLaMgUGD8tAs/paWIYRjQGTYWkhQi/N1KmjJmpIJtUDCdm0cvF/7xegqOmn4owThBCnh9CIaE4ZLgWWRNAh0IDIsuTAxUh5UwzRNCCMs4zMcmqqWZ9uIvfLxOvYV/a7u15vdU si6mQY3JCzohLLkiL3JA28QgnijyRZ/Jiza1X6816/xldscqdI/IH1sc3Xk2TsA==</latexit><latexit sha1_base64="N1o1kxkgcZMjkixYuEO++TQZA+I=">AAAB+nicbVBNS8NAFNz4WetX1aOXxSJ4CkkRrA eh4MVjBWMrbSib7Wu7dDcJuy9CCf0VXvXkSbz6Zzz4X0xiDto6p2HmPd68CWIpDDrOp7Wyura+sVnZqm7v7O7t1w4O702UaA4ej2SkuwEzIEUIHgqU0I01MBVI6ATT69zvPII2IgrvcBaDr9g4FCPBGWbSQ59PxJVjN5xBre7YTgG6TNyS1 EmJ9qD21R9GPFEQIpfMmJ7rxOinTKPgEubVfmIgZnzKxtDLaMgUGD8tAs/paWIYRjQGTYWkhQi/N1KmjJmpIJtUDCdm0cvF/7xegqOmn4owThBCnh9CIaE4ZLgWWRNAh0IDIsuTAxUh5UwzRNCCMs4zMcmqqWZ9uIvfLxOvYV/a7u15vdU si6mQY3JCzohLLkiL3JA28QgnijyRZ/Jiza1X6816/xldscqdI/IH1sc3Xk2TsA==</latexit><latexit sha1_base64="N1o1kxkgcZMjkixYuEO++TQZA+I=">AAAB+nicbVBNS8NAFNz4WetX1aOXxSJ4CkkRrA eh4MVjBWMrbSib7Wu7dDcJuy9CCf0VXvXkSbz6Zzz4X0xiDto6p2HmPd68CWIpDDrOp7Wyura+sVnZqm7v7O7t1w4O702UaA4ej2SkuwEzIEUIHgqU0I01MBVI6ATT69zvPII2IgrvcBaDr9g4FCPBGWbSQ59PxJVjN5xBre7YTgG6TNyS1 EmJ9qD21R9GPFEQIpfMmJ7rxOinTKPgEubVfmIgZnzKxtDLaMgUGD8tAs/paWIYRjQGTYWkhQi/N1KmjJmpIJtUDCdm0cvF/7xegqOmn4owThBCnh9CIaE4ZLgWWRNAh0IDIsuTAxUh5UwzRNCCMs4zMcmqqWZ9uIvfLxOvYV/a7u15vdU si6mQY3JCzohLLkiL3JA28QgnijyRZ/Jiza1X6816/xldscqdI/IH1sc3Xk2TsA==</latexit>
  = 0.80
<latexit sha1_base64="Q2VEtd93IhVsOXO8zTTBgu6ORAU=">AAAB+nicbVBNS8NAFNzUr1q/qh69LBbBU0hEsB6EghePFYyttKFstq/t0t0k7L4IJfRXeNWTJ/Hqn/HgfzGJOWjrnIaZ93jzJoilMOg4n1ZlZXVtfaO6Wdva3tndq+8f3J so0Rw8HslIdwNmQIoQPBQooRtrYCqQ0Amm17nfeQRtRBTe4SwGX7FxKEaCM8ykhz6fiCvHbjqDesOxnQJ0mbglaZAS7UH9qz+MeKIgRC6ZMT3XidFPmUbBJcxr/cRAzPiUjaGX0ZApMH5aBJ7Tk8QwjGgMmgpJCxF+b6RMGTNTQTapGE7MopeL/3m9BEdNPxVhnCCEPD+EQkJxyHAtsiaADoUGRJYnBypCyplmiKAFZZxnYpJVU8v6cBe/XybemX1pu7fnjVazLKZKjsgxOSUuuSAtckPaxCOcKPJEnsmLNbderTfr/We0YpU7h+QPrI9vZ6eTtg==</latexit><latexit sha1_base64="Q2VEtd93IhVsOXO8zTTBgu6ORAU=">AAAB+nicbVBNS8NAFNzUr1q/qh69LBbBU0hEsB6EghePFYyttKFstq/t0t0k7L4IJfRXeNWTJ/Hqn/HgfzGJOWjrnIaZ93jzJoilMOg4n1ZlZXVtfaO6Wdva3tndq+8f3J so0Rw8HslIdwNmQIoQPBQooRtrYCqQ0Amm17nfeQRtRBTe4SwGX7FxKEaCM8ykhz6fiCvHbjqDesOxnQJ0mbglaZAS7UH9qz+MeKIgRC6ZMT3XidFPmUbBJcxr/cRAzPiUjaGX0ZApMH5aBJ7Tk8QwjGgMmgpJCxF+b6RMGTNTQTapGE7MopeL/3m9BEdNPxVhnCCEPD+EQkJxyHAtsiaADoUGRJYnBypCyplmiKAFZZxnYpJVU8v6cBe/XybemX1pu7fnjVazLKZKjsgxOSUuuSAtckPaxCOcKPJEnsmLNbderTfr/We0YpU7h+QPrI9vZ6eTtg==</latexit><latexit sha1_base64="Q2VEtd93IhVsOXO8zTTBgu6ORAU=">AAAB+nicbVBNS8NAFNzUr1q/qh69LBbBU0hEsB6EghePFYyttKFstq/t0t0k7L4IJfRXeNWTJ/Hqn/HgfzGJOWjrnIaZ93jzJoilMOg4n1ZlZXVtfaO6Wdva3tndq+8f3J so0Rw8HslIdwNmQIoQPBQooRtrYCqQ0Amm17nfeQRtRBTe4SwGX7FxKEaCM8ykhz6fiCvHbjqDesOxnQJ0mbglaZAS7UH9qz+MeKIgRC6ZMT3XidFPmUbBJcxr/cRAzPiUjaGX0ZApMH5aBJ7Tk8QwjGgMmgpJCxF+b6RMGTNTQTapGE7MopeL/3m9BEdNPxVhnCCEPD+EQkJxyHAtsiaADoUGRJYnBypCyplmiKAFZZxnYpJVU8v6cBe/XybemX1pu7fnjVazLKZKjsgxOSUuuSAtckPaxCOcKPJEnsmLNbderTfr/We0YpU7h+QPrI9vZ6eTtg==</latexit><latexit sha1_base64="Q2VEtd93IhVsOXO8zTTBgu6ORAU=">AAAB+nicbVBNS8NAFNzUr1q/qh69LBbBU0hEsB6EghePFYyttKFstq/t0t0k7L4IJfRXeNWTJ/Hqn/HgfzGJOWjrnIaZ93jzJoilMOg4n1ZlZXVtfaO6Wdva3tndq+8f3J so0Rw8HslIdwNmQIoQPBQooRtrYCqQ0Amm17nfeQRtRBTe4SwGX7FxKEaCM8ykhz6fiCvHbjqDesOxnQJ0mbglaZAS7UH9qz+MeKIgRC6ZMT3XidFPmUbBJcxr/cRAzPiUjaGX0ZApMH5aBJ7Tk8QwjGgMmgpJCxF+b6RMGTNTQTapGE7MopeL/3m9BEdNPxVhnCCEPD+EQkJxyHAtsiaADoUGRJYnBypCyplmiKAFZZxnYpJVU8v6cBe/XybemX1pu7fnjVazLKZKjsgxOSUuuSAtckPaxCOcKPJEnsmLNbderTfr/We0YpU7h+QPrI9vZ6eTtg==</latexit>
� � � � � �
�
���
���
���
���
�
%ˆs, 1
<latexit sha1_base64="uGqrgxVD/TAAUkCM4mhJhGTz44A=">AAACC3icbVDLSgNBEJyNrxhfq1 4EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+iW Rgm2Q+hFsisFUC759oHXB8q8IWjdj8d+Zk490Ze+O/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8z2u l1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDVhUm38=</latexit><latexit sha1_base64="uGqrgxVD/TAAUkCM4mhJhGTz44A=">AAACC3icbVDLSgNBEJyNrxhfq1 4EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+iW Rgm2Q+hFsisFUC759oHXB8q8IWjdj8d+Zk490Ze+O/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8z2u l1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDVhUm38=</latexit><latexit sha1_base64="uGqrgxVD/TAAUkCM4mhJhGTz44A=">AAACC3icbVDLSgNBEJyNrxhfq1 4EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+iW Rgm2Q+hFsisFUC759oHXB8q8IWjdj8d+Zk490Ze+O/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8z2u l1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDVhUm38=</latexit><latexit sha1_base64="uGqrgxVD/TAAUkCM4mhJhGTz44A=">AAACC3icbVDLSgNBEJyNrxhfq1 4EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+iW Rgm2Q+hFsisFUC759oHXB8q8IWjdj8d+Zk490Ze+O/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8z2u l1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDVhUm38=</latexit>
%ˆ ,s
<latexit sha1_base64="eZH8sQ1iEmdwX/9xpnqdy6BiZOk=">AAACCXicbVDLSgNBEJyNrxhfU cGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLi lSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxBVDeWqm3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif95 7Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzccU5rb</latexit><latexit sha1_base64="eZH8sQ1iEmdwX/9xpnqdy6BiZOk=">AAACCXicbVDLSgNBEJyNrxhfU cGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLi lSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxBVDeWqm3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif95 7Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzccU5rb</latexit><latexit sha1_base64="eZH8sQ1iEmdwX/9xpnqdy6BiZOk=">AAACCXicbVDLSgNBEJyNrxhfU cGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLi lSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxBVDeWqm3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif95 7Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzccU5rb</latexit><latexit sha1_base64="eZH8sQ1iEmdwX/9xpnqdy6BiZOk=">AAACCXicbVDLSgNBEJyNrxhfU cGLl8EgeJCwK4LxFvDiMYLRQDaE3kknGTL7YKY3ENb8gV/hVU+exKtf4cF/cXfNQRPrVFR109XlRUoasu1Pq7C0vLK6VlwvbWxube+Ud/fuTBhrgU0RqlC3PDCoZIBNkqSwFWkE31N4742uMv9+jNrIMLi lSYQdHwaB7EsBlErd8oE7BErcMWg9DKfdxBVDeWqm3XLFrto5+CJxZqTCZmh0y19uLxSxjwEJBca0HTuiTgKapFA4LbmxwQjECAbYTmkAPppOkuef8uPYAIU8Qs2l4rmIvzcS8I2Z+F466QMNzbyXif95 7Zj6tU4igygmDER2iKTC/JARWqbFIO9JjUSQJUcuAy5AAxFqyUGIVIzTpkppH87894ukeVa9rDo355V6bVZMkR2yI3bCHHbB6uyaNViTCfbAntgze7EerVfrzXr/GS1Ys5199gfWxzccU5rb</latexit>
| i
<latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+R S1tFoNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZx gEMFAy74UQLnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtND JBXODllhZF4G8p40SATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit><latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+R S1tFoNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZx gEMFAy74UQLnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtND JBXODllhZF4G8p40SATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit><latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+R S1tFoNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZx gEMFAy74UQLnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtND JBXODllhZF4G8p40SATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit><latexit sha1_base64="suATQgZbvoQKJvxi4iRGulG7Ybc=">AAAB/XicbVA9SwNBEN2LXzF+R S1tFoNgFe5EMHYBG8sIxgRyR5jbTJIle3vH7pwQzoC/wlYrK7H1t1j4X7zEFJr4qsd7M8ybFyZKWnLdT6ewsrq2vlHcLG1t7+zulfcP7mycGoFNEavYtEOwqKTGJklS2E4MQhQqbIWjq6nfukdjZaxvaZx gEMFAy74UQLnkP/hiKH0DeqCwW664VXcGvky8OamwORrd8pffi0UaoSahwNqO5yYUZGBICoWTkp9aTECMYICdnGqI0AbZLPOEn6QWKOYJGi4Vn4n4eyODyNpxFOaTEdDQLnpT8T+vk1K/FmRSJymhFtND JBXODllhZF4G8p40SATT5Mil5gIMEKGRHITIxTRvp5T34S1+v0yaZ9XLqndzXqnX5sUU2RE7ZqfMYxeszq5ZgzWZYAl7Ys/sxXl0Xp035/1ntODMdw7ZHzgf33rtliI=</latexit>
n¯  = N¯ 
<latexit sha1_base64="6TvL7idxd+B52pzmbUr4Wcv0Byc=">AAACDHicbVA9SwNBEN2LXzF+R a3EZjEIVuFOBGMhBGysJIIxgSSEuc2YLNnbO3bnhHAEf4K/wlYrK7H1P1j4X7xcUqjxVW/em2Fmnh8pacl1P53cwuLS8kp+tbC2vrG5VdzeubVhbATWRahC0/TBopIa6yRJYTMyCIGvsOEPLyZ+4x6NlaG +oVGEnQD6Wt5JAZRK3eJe2weT6HG3LQbyPCuupkW3WHLLbgY+T7wZKbEZat3iV7sXijhATUKBtS3PjaiTgCEpFI4L7dhiBGIIfWylVEOAtpNkL4z5YWyBQh6h4VLxTMSfEwkE1o4CP+0MgAb2rzcR//Na Md1VOonUUUyoxWQRSYXZIiuMTLNB3pMGiWByOXKpuQADRGgkByFSMU7DKqR5eH+/nyf14/JZ2bs+KVUrs2DybJ8dsCPmsVNWZZesxupMsAf2xJ7Zi/PovDpvzvu0NefMZnbZLzgf3waPm90=</latexit><latexit sha1_base64="6TvL7idxd+B52pzmbUr4Wcv0Byc=">AAACDHicbVA9SwNBEN2LXzF+R a3EZjEIVuFOBGMhBGysJIIxgSSEuc2YLNnbO3bnhHAEf4K/wlYrK7H1P1j4X7xcUqjxVW/em2Fmnh8pacl1P53cwuLS8kp+tbC2vrG5VdzeubVhbATWRahC0/TBopIa6yRJYTMyCIGvsOEPLyZ+4x6NlaG +oVGEnQD6Wt5JAZRK3eJe2weT6HG3LQbyPCuupkW3WHLLbgY+T7wZKbEZat3iV7sXijhATUKBtS3PjaiTgCEpFI4L7dhiBGIIfWylVEOAtpNkL4z5YWyBQh6h4VLxTMSfEwkE1o4CP+0MgAb2rzcR//Na Md1VOonUUUyoxWQRSYXZIiuMTLNB3pMGiWByOXKpuQADRGgkByFSMU7DKqR5eH+/nyf14/JZ2bs+KVUrs2DybJ8dsCPmsVNWZZesxupMsAf2xJ7Zi/PovDpvzvu0NefMZnbZLzgf3waPm90=</latexit><latexit sha1_base64="6TvL7idxd+B52pzmbUr4Wcv0Byc=">AAACDHicbVA9SwNBEN2LXzF+R a3EZjEIVuFOBGMhBGysJIIxgSSEuc2YLNnbO3bnhHAEf4K/wlYrK7H1P1j4X7xcUqjxVW/em2Fmnh8pacl1P53cwuLS8kp+tbC2vrG5VdzeubVhbATWRahC0/TBopIa6yRJYTMyCIGvsOEPLyZ+4x6NlaG +oVGEnQD6Wt5JAZRK3eJe2weT6HG3LQbyPCuupkW3WHLLbgY+T7wZKbEZat3iV7sXijhATUKBtS3PjaiTgCEpFI4L7dhiBGIIfWylVEOAtpNkL4z5YWyBQh6h4VLxTMSfEwkE1o4CP+0MgAb2rzcR//Na Md1VOonUUUyoxWQRSYXZIiuMTLNB3pMGiWByOXKpuQADRGgkByFSMU7DKqR5eH+/nyf14/JZ2bs+KVUrs2DybJ8dsCPmsVNWZZesxupMsAf2xJ7Zi/PovDpvzvu0NefMZnbZLzgf3waPm90=</latexit><latexit sha1_base64="6TvL7idxd+B52pzmbUr4Wcv0Byc=">AAACDHicbVA9SwNBEN2LXzF+R a3EZjEIVuFOBGMhBGysJIIxgSSEuc2YLNnbO3bnhHAEf4K/wlYrK7H1P1j4X7xcUqjxVW/em2Fmnh8pacl1P53cwuLS8kp+tbC2vrG5VdzeubVhbATWRahC0/TBopIa6yRJYTMyCIGvsOEPLyZ+4x6NlaG +oVGEnQD6Wt5JAZRK3eJe2weT6HG3LQbyPCuupkW3WHLLbgY+T7wZKbEZat3iV7sXijhATUKBtS3PjaiTgCEpFI4L7dhiBGIIfWylVEOAtpNkL4z5YWyBQh6h4VLxTMSfEwkE1o4CP+0MgAb2rzcR//Na Md1VOonUUUyoxWQRSYXZIiuMTLNB3pMGiWByOXKpuQADRGgkByFSMU7DKqR5eH+/nyf14/JZ2bs+KVUrs2DybJ8dsCPmsVNWZZesxupMsAf2xJ7Zi/PovDpvzvu0NefMZnbZLzgf3waPm90=</latexit>
n¯ 1 = N¯ 2
<latexit sha1_base64="jrh3ldXTewFHr21+62R+bu0QrOk=">AAACFHicbZA9SwNBEIb34leMX 1FLm9UgWIW7IBgLQbCxkghGA0k45jajLu7tHbtzghxX+xP8FbZaWYmtvYX/xcsZQROnenneGWbmDWIlLbnuh1Oamp6ZnSvPVxYWl5ZXqqtr5zZKjMC2iFRkOgFYVFJjmyQp7MQGIQwUXgQ3R0P/4haNlZE +o7sY+yFcaXkpBVCO/OpmLwCT6sxPe+Ja+l52UICTH9DI/GrNrbtF8UnhjUSNjarlVz97g0gkIWoSCqztem5M/RQMSaEwq/QSizGIG7jCbi41hGj7afFKxrcTCxTxGA2XihcQf0+kEFp7FwZ5Zwh0bce9 IfzP6yZ02eynUscJoRbDRSQVFousMDLPCPlAGiSC4eXIpeYCDBChkRyEyGGSh1bJ8/DGv58U7UZ9v+6d7tYOm6NgymyDbbEd5rE9dsiOWYu1mWD37JE9sWfnwXlxXp2379aSM5pZZ3/Kef8CUDSfPg==</ latexit><latexit sha1_base64="jrh3ldXTewFHr21+62R+bu0QrOk=">AAACFHicbZA9SwNBEIb34leMX 1FLm9UgWIW7IBgLQbCxkghGA0k45jajLu7tHbtzghxX+xP8FbZaWYmtvYX/xcsZQROnenneGWbmDWIlLbnuh1Oamp6ZnSvPVxYWl5ZXqqtr5zZKjMC2iFRkOgFYVFJjmyQp7MQGIQwUXgQ3R0P/4haNlZE +o7sY+yFcaXkpBVCO/OpmLwCT6sxPe+Ja+l52UICTH9DI/GrNrbtF8UnhjUSNjarlVz97g0gkIWoSCqztem5M/RQMSaEwq/QSizGIG7jCbi41hGj7afFKxrcTCxTxGA2XihcQf0+kEFp7FwZ5Zwh0bce9 IfzP6yZ02eynUscJoRbDRSQVFousMDLPCPlAGiSC4eXIpeYCDBChkRyEyGGSh1bJ8/DGv58U7UZ9v+6d7tYOm6NgymyDbbEd5rE9dsiOWYu1mWD37JE9sWfnwXlxXp2379aSM5pZZ3/Kef8CUDSfPg==</ latexit><latexit sha1_base64="jrh3ldXTewFHr21+62R+bu0QrOk=">AAACFHicbZA9SwNBEIb34leMX 1FLm9UgWIW7IBgLQbCxkghGA0k45jajLu7tHbtzghxX+xP8FbZaWYmtvYX/xcsZQROnenneGWbmDWIlLbnuh1Oamp6ZnSvPVxYWl5ZXqqtr5zZKjMC2iFRkOgFYVFJjmyQp7MQGIQwUXgQ3R0P/4haNlZE +o7sY+yFcaXkpBVCO/OpmLwCT6sxPe+Ja+l52UICTH9DI/GrNrbtF8UnhjUSNjarlVz97g0gkIWoSCqztem5M/RQMSaEwq/QSizGIG7jCbi41hGj7afFKxrcTCxTxGA2XihcQf0+kEFp7FwZ5Zwh0bce9 IfzP6yZ02eynUscJoRbDRSQVFousMDLPCPlAGiSC4eXIpeYCDBChkRyEyGGSh1bJ8/DGv58U7UZ9v+6d7tYOm6NgymyDbbEd5rE9dsiOWYu1mWD37JE9sWfnwXlxXp2379aSM5pZZ3/Kef8CUDSfPg==</ latexit><latexit sha1_base64="jrh3ldXTewFHr21+62R+bu0QrOk=">AAACFHicbZA9SwNBEIb34leMX 1FLm9UgWIW7IBgLQbCxkghGA0k45jajLu7tHbtzghxX+xP8FbZaWYmtvYX/xcsZQROnenneGWbmDWIlLbnuh1Oamp6ZnSvPVxYWl5ZXqqtr5zZKjMC2iFRkOgFYVFJjmyQp7MQGIQwUXgQ3R0P/4haNlZE +o7sY+yFcaXkpBVCO/OpmLwCT6sxPe+Ja+l52UICTH9DI/GrNrbtF8UnhjUSNjarlVz97g0gkIWoSCqztem5M/RQMSaEwq/QSizGIG7jCbi41hGj7afFKxrcTCxTxGA2XihcQf0+kEFp7FwZ5Zwh0bce9 IfzP6yZ02eynUscJoRbDRSQVFousMDLPCPlAGiSC4eXIpeYCDBChkRyEyGGSh1bJ8/DGv58U7UZ9v+6d7tYOm6NgymyDbbEd5rE9dsiOWYu1mWD37JE9sWfnwXlxXp2379aSM5pZZ3/Kef8CUDSfPg==</ latexit>
%ˆ 1,s
<latexit sha1_base64="SQf6XHacW8nfKlMDMZvx30QReF4=">AAACC3icbVDLSgNBEJyNrxhfq 14EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+i WRgm2Q+hFsisFUC759oHXB8q8IWjdj8d+5om+9N1TM/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8 z2ul1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDViTm38=</late xit><latexit sha1_base64="SQf6XHacW8nfKlMDMZvx30QReF4=">AAACC3icbVDLSgNBEJyNrxhfq 14EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+i WRgm2Q+hFsisFUC759oHXB8q8IWjdj8d+5om+9N1TM/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8 z2ul1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDViTm38=</late xit><latexit sha1_base64="SQf6XHacW8nfKlMDMZvx30QReF4=">AAACC3icbVDLSgNBEJyNrxhfq 14EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+i WRgm2Q+hFsisFUC759oHXB8q8IWjdj8d+5om+9N1TM/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8 z2ul1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDViTm38=</late xit><latexit sha1_base64="SQf6XHacW8nfKlMDMZvx30QReF4=">AAACC3icbVDLSgNBEJyNrxhfq 14EL4NB8CBhVwTjLeDFYwSjgWxYeiedZMjsg5neQFjiJ/gVXvXkSbz6ER78FzcxB02sU1HVTXdVkChpyHE+rcLS8srqWnG9tLG5tb1j7+7dmTjVAhsiVrFuBmBQyQgbJElhM9EIYaDwPhhcTfz7IWoj4+i WRgm2Q+hFsisFUC759oHXB8q8IWjdj8d+5om+9N1TM/btslNxpuCLxJ2RMpuh7ttfXicWaYgRCQXGtFwnoXYGmqRQOC55qcEExAB62MppBCGadjZNMObHqQGKeYKaS8WnIv7eyCA0ZhQG+WQI1Dfz3kT8 z2ul1K22MxklKWEkJodIKpweMkLLvBrkHamRCCafI5cRF6CBCLXkIEQupnlXpbwPdz79ImmcVS4r7s15uVadFVNkh+yInTCXXbAau2Z11mCCPbAn9sxerEfr1Xqz3n9GC9ZsZ5/9gfXxDViTm38=</late xit>
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| 2si
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FIG. 6. (Color online) Left panel: nG measure δnG plotted as a func-
tion of the gain parameter g for the amplified states %ˆs,χ1 (solid blue
curve), |χ1s〉 and |χ2s〉 (dashed orange and dotted green curves),
with χ1 = 0.63 and χ2 = 0.50. Right panel: Plot of entropy
of entanglement E[|χ〉〈χ|] as a function of the gain parameter g.
The three curves correspond to different squeezing parameters of the
TWB state: χ = 0.20 (solid blue), χ = 0.63 (dashed orange),
χ = 0.80 (dotted green). The three points at g = 1 are the ref-
erence values of the entropy of entanglement for three initial TWB
states corresponding to the three values of χ listed above.
V. CONCLUSION
In this work we have investigated the action of a non-
deterministic noiseless linear amplifier on single- and two-
mode Gaussian states in order to generate highly non-
Gaussian and non-classical amplified quantum states. In par-
ticular, we have focused on amplification of feasible Gaussian
states, e.g. coherent states, squeezed vacuum states and en-
tangled twin-beam.
8Our results show that noiseless amplification is, in general,
a powerful scheme to generate non-classical non-Gaussian
states, with the detailed performances depending on the inter-
play between the gain of the NLA, its threshold for amplifica-
tion, and the parameters of the input signal. Upon comparing
results for input signals with the same initial energy, we have
shown that better performances, i.e. larger output nG and nC
nG, are obtained by amplification of squeezed vacuum. We
have also analysed the performances of non-destructive am-
plification, showing that amplification of twin-beam highly
increases entanglement.
Concerning efficiency of the process, we have shown that
while the probability of successful amplification decreases
with the NLA gain, there is a convenient trade-off between
nG (or nC) and the success probability itself. We have also
shown that for squeezed vacuum input, one may increase nG
and nC at fixed success probability by increasing the NLA
amplification threshold.
Overall, we have proved that NLA provides an effec-
tive scheme to generate highly non-Gaussian and non-
classical states and may be used to increase entanglement in
continuous-variable systems. Our results pave the way for op-
timised implementations of NLA and suggest that both de-
structive and non-destructive implementations of NLA would
be of interest in quantum technology.
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